reported to depress some physiological activities of Staphylococcus aureus (10) , including reactions with certain antibiotics (7, 8) . It was, theref'ore, of' interest to extend the investigation of the ef'f'ect of elevated helium pressure on the transport of' other metabolites and on bacterial growth. This report describes experiments in which the lag phase of E. coli was shortened when cultures containing a normally synthesized chelator for iron transport were exposed to compressed helium.
MATERIALS AND METHODS
Bacterial strains and growth media. For these studies, E. coll W (ATCC 96.37) and the strain designated as NMS, a hospital isolate, were grown in Difco minimal broth Davis (MBD). E. coll AN 193, a mutant strain generously provided by I. G. Y'oung (Biochemistry Department, John Curtin School of' Medical Research, Canberra, Australia) was grown in the medium 56 described by Monod et al. (6) . modif'ied to exclude FeSO4 but to contain 0.2r Casamino Acids (Difco). The f'ollowing medium supplements were used. Cell-free f'iltrate (CFF) of' 20-h cultures in MBD was prepared from E. coll strains 9637 and NMS by centrit'ugation and f'iltration. The supplement 2,.3-dihydroxybenzoylserine (DHBS) used in these studies was extracted (2) f'rom a culture filtrate of E. coli K-12 by N. Brot (Roche Institute of' Molecular Biology, Nutley, N.J.) and generously provided by him for our use. The compound 2,3-dihydroxybenzoic acid (DHBA) was purchased f'rom Aldrich Chemical Co., Milwaukee, Wis., and f'errous sulf'ate (FeSO4 7 H20, cert if'ied ACS) was f'rom Fisher Scientif'ic Co., Fairlawn, N.J. Disodium ethylenediaminetetraacetate (IEDTA] Fisher Scientific Co.) was maintained as a 1 mM stock in 0.05 M tris(hydroxymethyl)aminomethane-hydrochloride solution, (buffer grade, Nutritional Biochemical Corp., Cleveland, Ohio) at pH 7.8.
Growth rate determinations. To determine the eff'ect of normoxic helium gas on growth, the three E. coli strains were cultivated in small, cotton-stoppered test tubes containing 3 ml of either MBD or modif'ied medium 56. 'I'he inocula, derived from 15-h cultures in the corresponding medium either with or without being washed in pH 7.0 phosphate buff'er, provided a final concentration of about 105 cells/ml. Pressurization of' the cultures was accomplished by use of equipment and techniques described earlier (8) , with the f'ollowing modifications. The culture tubes were placed into a series of special stainless-steel pressure vessels and f'lushed with 20%() oxygen in helium to exclude room air. One half' of the vessels were then pressurized to 68 atm (1,000 lb/in2) with helium to provide a normal 02 ( Table 1 (2 ,liters/ml and 1 AM, respectively), the lag time was reduced in cultures exposed to compressed helium but not in unexposed ones.
One should note that according to Fig. 1 , Table 2 .
To clarify further the role of' compressed helium on DHBS metabolism, E. coli strain AN 193 was used. This is a mutant entA strain derived from AN 156, which is unable to synthesize DHBS (and its cyclic trimer, enterochelin) and requires the precursor DHBA for growth (14) . Results of tests with E. coli AN (Table 3 ). Higher concentrations, 1.0 and 10 MM FeSO4, supported growth both at 1 and 68 atm. It should be pointed out that, under all conditions in which growth occurred at both pressures, logarithmic growth was attained 9 to 11 h sooner at 68 atm than at 1 atm (Table 3) . A final series of experiments concerned hydrostatic pressure rather than helium-oxygen gas pressure. For these experiments, cultures contained in sealed hypodermic syringes were pressurized to 68 atm under conditions which did not permit the dissolution of the added gases in the media. Supplements that elicited a reduction in the lag time under hyperbaric pressure (Tables 1 and 3 ) had no effect under hydrostatic pressure (Table 4) . In all cases, optical densities of' 0.2 were reached at essentially the same times at 1 atm as at 68 atm of hydrostatic pressure. It is thus concluded that the lag reduction times observed in cultures pressurized to 68 atm with normoxic helium were the result of' the increased concentrations of helium in the medium and not of hydrostatic pressure.
DISCUSSION
Our results indicate that the lag phase prior to initiation of growth of E. coli was shortened at 68 atm of helium-oxygen gas only when the concentrations of certain required compounds were rate limiting. When washed E. coli cells were grown in MBD containing as a contaminant adequate concentrations of iron, it is obvious that the limiting compounds were chelators of the enterochelin family (Tables 1-3) . When a sequestering agent such as EDTA was added and, presumably, the concentration of all contaminating heavy metals was greatly reduced, our lag-phase reducing effect could be demonstrated by the addition of suboptimal amounts of iron (Table 3 ). The lag time reduction could have resulted either from more rapid transport of iron, from increased rate of synthesis of iron chelator, or from more effective iron chelation in pressurized cultures. Since only the lag phase, not later growth phases or peak yields, was affected, it is reasonable to assume that the observed lag reduction was due to an initial enhancement of iron uptake in pressurized cells.
The experiment illustrated in Table 4 suggested that the effects observed in cultures at 68 atm with normoxic helium were attributable to the high helium concentration rather than to the elevated pressure. As proposed by Featherstone et al. (5), when we applied gas pressure to bacteria in liquid suspension, increases both in hydrostatic pressure and in dissolved gas concentration occurred. Moderate to high hydrostatic pressures (in excess of 400 atm) were reported to have pronounced effects on physiological processes of bacteria (1, 12) . Comparable effects have been found, on the other hand, at much lower gas pressures, i.e., below 100 atm (4, 5, 7) . Several studies have also shown that helium at these low pressures can produce physiological alterations in microbial or mammalian cells (5, 11) .
To overcome the narcotic potential of nitrogen and because helium has long been considered as biologically inert, the latter has been selected as the oxygen carrier gas for pressurization of manned experimental undersea habitats. However, the results presented in this report as well as in some of the above cited publications raise the possibility that helium is more reactive than formerly believed. The possibility should be considered that its use in undersea chambers even at relatively modest depths might promote measurable physiological alterations in man. 
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